An acid-base responsive fabric was constructed by combining a facile chemical deposition of micro-/nano-structure CuO microspheres with the following assembly of the mixed thiols (containing HS(CH 2 ) 17 CH 3 and HS(CH 2 ) 10 COOH). It is found that the hierarchical CuO fabric modified with the mixed thiols containing 0.8 molar ratio of HS(CH 2 ) 10 COOH shows good pHresponsivity, which can switch between high hydrophobicity for acid and superhydrophilicity for base.
The special wetting behavior is an important property of a solid surface, which both prolong the service life and extend the application scope of materials in various fields, including drug delivery systems, biosensors, actuator systems, and bioseparation. [1] [2] [3] [4] Such a property can be divided into two kind of extreme cases, superhydrophobicity (with contact angle higher than 150 ° and slide angle less than 5 °) and superhdrophilicity (with contact angle less than 10 °). 5 Two cases are closely related to waterrepellent and water-permeation in our daily lives, respectively. Among them, water-repellent has been widely employed to selfcleaning and oil/water separation. [6] [7] [8] [9] Recently, a smart surface, the wettability of which can be tuned by external stimulus, has evoked research interest due to the ability for tunable extreme wettability transition. On such a surface, the water droplet usually takes a quasi-spherical shape when the external stimulus meets certain condition, while it spreads quickly upon losing the desirable external stimulus. [10] [11] [12] [13] [14] It can be noted that present research is focused on the metal mesh, [15] [16] aiming at the static transition of wettability. However, the research regarding the dynamic wetting transition, which would offer facile methods or new materials for the controllable water-permeation, is reported rarely, let alone this performance of the fabric substrate. Currently, extensive attention about the fabrics has been mainly paid to their superhydrophobic/superoleophilic feature for the separation of oil/water by constructing the hierarchical micro-/nanostructures. [17] [18] [19] [20] For example, our group have achieve the superhydrophobic/superoleophilic fabric for the separation of oil and water using dip-coating and in situ growth methods. 7, 17 Thus, the study of its dynamic wetting transition for the waterinfiltration would be beneficial to expanding the scope of its applications. Herein, we realized pH-responsive fabric by the combination of the construction of hierarchical micro-/nanostructure CuO microspheres and the assembly of the mixed thiols on the fabric substrate. It is found from the contact angle measurements that the hierarchical CuO fabric modified with X COOH = 0.8 (mole fraction of HS(CH2) 10 COOH in the modified solution) shows the best pH-responsivity. The wetting behavior of water can be controlled by simply changing the pH of water. This achieves not only the static transition of wettability but also the dynamic wetting transition, which is crucial in the excellent controllability of water permeation or infiltration on the fabric. Fabrics, as a sort of porous material, possess large specific surface area, excellent hydroscopic property, air permeability, and softness. In this respect, they may be promising candidates for water-permeation. The presence of different oxygen groups on its surfaces may be propitious to adsorption, nucleation of various transition metal oxides due to coordination interaction each other, further growing and assembling to hierarchical structures with different morphologies on such a micro-scale rough surface. This micro-/nano-structures, a prerequisite for extreme wettability, largely amplify the wetting behavior, which has been extended to wide applications. Therefore, in this study, fabrics were chosen as substrates to grow hierarchical micro-/nano-structures copper oxide using the typical ammoniaevaporation-induced chemical bath deposition. 21 The cleaned fabrics were immersed in the mixed solution containing 10 mL of 0.9 M CuCl 2 ·2H 2 O and 20 mL NH 3 ·H 2 O (25-28 wt%), and kept 88±2 °C for 24 h. Then fabrics were removed and rinsed with deionized water several times, and dried at 60 °C for 12 h. In this way, the hierarchical CuO fabric can be obtained. Figure 1a shows the typical scanning electron microscopy (SEM) image of the original fabric. The diameter of one fiber is approximately 10 μm with the different gap between each fibers (Fig. 1b) . After ammonia-evaporation-induced chemical bath deposition, the color of fabric get from white to black, signifying the formation of copper oxide. Fig.1c-d represents the typical SEM images of the as-obtained hierarchical CuO microspheres formed on the fabrics at low and high magnifications, respectively. Compared with the original fabric, the presence of the microspheres leads to the increase of the diameter of one fiber to about 25 μm (Fig. 1c) . And the gap between each fiber also decreases obviously ( Figure  1c) . From the magnified image (Fig. 1d) , it can be readily seen that the CuO microspheres with the diameter of 5-15 μm are assembled from a large number of nano-sheets with single crystal character (Fig. 1e, f) . As we known, such hierarchical micro-/nanosized structures consisting of micro-scale fibers, microspheres and nano-sheets can enhance the wettability of the substrate to a large extent.
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Figure. 2 XRD pattern of the hierarchical CuO microspheres on the fabric substrate prepared at 88±2 °C for 24 h. Fig. 2 gives the XRD pattern of the as-prepared product. All of the detectable reflection peaks can be unambiguously indexed to the monoclinic phase of the CuO (space group C2/c, a=4.6832 Å, b=3.4288 Å, c=5.1297 Å, α=γ=90°, β=99.3090°, JCPDS file no. 01-089-2529). No other impurities were detected by XRD analysis, indicating the high phase purity of the sample. In general, the high intensity and sharpness of XRD diffraction peaks suggests that the product grow preferentially along the corresponding crystal orientation and the corresponding crystal planes have a relatively larger size. Thus, the high diffraction intensity of (111) From the survey spectra (Figure 3a) , the intensive peaks of C and O could be clearly detected in the curve, signifying that the surface of the original fabric contains lots of carbon oxygen groups. But for curve Ⅱ, the peaks of Cu were observed expect for the peaks of C and O, suggesting the formation of CuO on the surface of fabrics after chemical bath deposition. In order to verify this point, the XPS spectra of Cu 2p of the original and asprepared fabric were displayed in Fig. 3b . The nearly straight curve Ⅰ further indicated the absence of Cu element in the original fabrics. The Cu 2p fine spectrum of the as-obtained samples (Fig. 3b curve Ⅱ) reveals the Cu 2p 3/2 and Cu 2p 1/2 at 933.7 and 953.7 eV respectively. The peak-fit of Cu 2p 3/2 and Cu 2p 1/2 peak revealed a main peak at 933.7 eV accompanied by a satellite peak on the high-binding-energy side at 942.4 eV and a main peak at 953.7 eV with a satellite peak at 942.4 eV, respectively. These features correspond to a Cu 2+ state for Cu atoms, which are well consistent with those observed in CuO. [26] [27] [28] [29] Figure. Generally, the as-fabricated fabrics with metal oxides show excellent superhydrophilic behavior due to the high surface energy of hierarchical micro-nano-structured metal oxides. 30 To achieve the pH-responsive controllable wettability, it is pretty crucial to introduce the pH-responsive groups into the surface of the as-obtained fabric substrates. The carboxylic acid group is a well-known pH-responsive functional group and has been used to fabricate many pH-responsive materials, such as smart ion channel 31 and the switchable electrode. 32 Meanwhile, it is wellaccepted that the alkyl thiol is a good candidate to modify the surface of transition metal oxide for superhydrophobic behavior due to their strong coordination interaction. Thus, the as-prepared fabrics were immersed into the mixed thiols solution of HS(CH 2 ) 17 CH 3 and HS(CH 2 ) 10 COOH for approximately 12 h. In this way, a mixed monolayer containing both alkyl and carboxylic acid groups can be assembled on the substrate, and the composition of the surface can be tuned by controlling the composition of the modified solution. As a result, it is possible that on the fabric substrate the wetting behavior such as infiltration process would exhibit a pH-responsivity due to the presence of such a monolayer, which has been reported previously. [33] [34] The wetting behavior of the treated fabric was characterized through the contact angle measurements. As can be seen from Fig.  4a , for pH=1, the contact angles see a sudden drop tendency when the concentration of the HS(CH 2 ) 10 COOH in the modified solution reaches to 0.8; while for pH=13 the contact angles fall 3 abruptly at X COOH =0.5. This suggests the concentration of the HS(CH 2 ) 10 COOH plays a crucial role in determining the surface wettability compared to the single thiols. Of note, distinct from the modification of mixed thiols with the same chain length (HS(CH 2 ) 9 CH 3 and HS(CH 2 ) 10 COOH) reported previously, [33] [34] the best pH-responsivity of the product appears at X COOH =0.8 when modified with the mixture of long-chain alkyl thiol and HS(CH 2 ) 10 COOH (Fig .4a) . This suggests the chain length of thiols also have a possible influence on the surface wettability. The long-chain alkyl thiol may enhance the hydrophobicity and delay the pH-responsive point, which may be due to the fact that the self-assembly of the long-chain thiol is preferred. 35 It is well-known that the contact angles on the original fabrics are 0 ° for water droplets at all pH values. Moreover, it does not vary with pH values changing even after treating with X COOH =0.8 thiol solution as shown in Fig. 4b (red line) , which is because the original fabrics do not have any interaction with thiol molecular. When an acid or basic droplet resides on the original fabric, it spreads quickly until completely penetration (Fig. 4inset) . Therefore, such an original fabric is not employed to the pHresponsive permeation of the water. But for the hierarchical CuO fabric with X COOH =0.8 thiol solution, it shows the obvious reversible transition between the water-repellent and the waterpermeation. It can be observed that the treated fabric is high hydrophobic for both acidic and neutral water (Fig. 4b) . The contact angles decrease dramatically as the pH is increased from 7 to 14. When the pH reaches to 10, it shows superhydrophilic property. It can be concluded that in this system the water can permeate the fabric only when the water pH is sufficiently large (pH>10, the fabric becomes superhydrophilic). More detailed research is presented in Fig .4c-d . When an acid water droplet (5 μL, pH=1) was placed on the fabric surface modified with X COOH =0.8, its initial contact angle is 147.3 ° and the prolife keep unchanged with the time proceeding. But for basic water droplet (5 μL, pH=13), the initial contact angle of 81.5 ° and the prolife of droplets gradually decreases until completely disappearing after 5 min. This is distinguished from the fast spreading of the original fabric, and the gradual decrease of droplet indicates that it has slowly penetrated into the fabric. Furthermore, the duration of water penetration get shorter as the pH values rising. The droplet instantly infiltrate into the fabric upon contacting when pH is up to 14. This suggests the water infiltration for different pH values also displays the time-dependent. In addition, this hierarchical CuO fabric showing the superhydrophilic for basic droplets would return to its initial superhydrophobic state for acidic droplets after being rinsed with distilled water and dried at 60 °C in an oven, which signifies that the treated fabric still remains pH-responsive. The reversible cycle can be repeated many times between hydrophobicity and the superhydrophilicity without any loss. (Fig. 5 ).
In conclusion, an acid-base responsive fabric, was constructed by combining a facile chemical bath deposition of the hierarchical micro-/nano-structure CuO microspheres and treating with the mixed thiols. It is found that the hierarchical CuO fabric modified with X COOH =0.8 (mole fraction of HS(CH 2 ) 10 COOH in the modified solution) shows the best pH-responsivity. Consequently, it would offer a promising opportunity for new applications of the fabric in controllable filtration, microfluidic devices, and some separation systems.
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